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The Corresponding Author has the right to grant on behalf of all authors and does grant on behalf of all authors, an exclusive licence (or non exclusive for government employees) on a worldwide basis to the BMJ Publishing Group Ltd to permit this article (if accepted) to be published in ARD and any other BMJPGL products and sublicences such use and exploit all subsidiary rights, as set out in our licence (http://ARD.bmj.com/ifora/licence.pdf) Mixed cryoglobulinemia (MC) is a systemic vasculitis characterized by the proliferation of B-cell clones producing pathogenic IgM with rheumatoid factor activity. MC leads to clinical manifestations ranging from MC syndrome (purpura, arthralgia, asthenia) to more serious lesions with neurological and renal involvement [1, 2] . Since 1990 it has been established that Hepatitis C virus (HCV) infection is associated with most cases of MC. On one hand, 60 to 90% of patients with MC are HCV-infected. In the other hand, 36 to 55% of HCV-infected patients have a positive mixed cryoglobulin. Up to 15-20% of HCV-MC patients will present a MC-associated systemic vasculitis that may be severe enough to cause death [3, 4] .
Limited data are available regarding the treatment of patients with MC systemic vasculitis. In patients with HCV infection, interferon (IFN)-α monotherapy is associated with a relatively poor response and a high relapse rate, especially in severe cases [5, 6] . The combination of peg-IFN α with ribavirin, which is the current standard for the treatment of patients with chronic HCV infection, has shown better efficacy, with up to 77% of patients showing complete remission [7] . The poor tolerability (in many cases) of conventional anti-HCV therapy, including flu-like symptoms, lends further importance to the development of additional therapeutic approaches. The use of corticosteroids, cyclophosphamide, and plasmapheresis, both in HCV-MC patients with no response or intolerance to HCV treatment and in patients with non-HCV MC, may lead to lifethreatening complications and is difficult to manage in the long term.
After initial single case reports [8] [9] [10] , two Italian groups have reported the efficacy of anti-CD20 monoclonal antibody (Rituximab) treatment in patients with HCV-MC vasculitis resistant or intolerant to IFN-α monotherapy [11, 12] . Such approach involves the use of monoclonal antibodies directed to CD20 antigen, a transmembrane protein expressed on pre-B lymphocytes and mature B lymphocytes. Rituximab proved effective on skin vasculitis manifestations, subjective symptoms of peripheral neuropathy, arthralgia and low grade B-cell lymphoma. Most clinical responders also had decrease in serum cryoglobulin levels and increased in C4 serum levels, though not to undetectable or normal levels. However, one potential concern regarding the use of Rituximab is its propensity to worsen HCV viremia [12] , which may lead patients to develop more severe HCV-induced liver lesions and/or cryoglobulinemic relapses in ensuing years [13] . These studies did not allow conclusions to be drawn concerning the efficacy of anti-CD20 monoclonal antibody on peripheral neuropathy and nephropathy.
The goal of this article is to review published data in order to better analyze the efficacy and tolerance of Rituximab treatment in patients with cryoglobulinemia vasculitis.
Methods
A systematic Pubmed search with the following key words "Cryoglobulinemia, Rituximab and anti-CD20" resulted in 54 references. Review papers were excluded. Fifteen references which reported on at least one case of cryoglobulinemia vasculitis treated with rituximab were included in the present analysis [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Two references were excluded because they included initial reports of patients which had already been reported on in other publications [8, 9] .
The response to treatment was analysed by comparing clinical and immunologic parameters before Rituximab infusion and at the end of follow-up. Clinical response was defined by analyzing the evolution of the following main clinical signs: skin involvement (absence of purpura), peripheral neuropathy (clinical and/or electrophysiologic improvement), renal involvement (normalization of serum creatinine level and disappearance of proteinuria), and the absence of arthralgia. Response to Rituximab treatment was defined as complete (disappearance of baseline manifestations) or partial (improvement of baseline clinical manifestations); all other patients were classified as non responders. Relapse was defined as the reappearance of at least one clinical sign of vasculitis. A complete immunologic response was defined by the absence of serum cryoglobulin, and a partial immunologic response was defined by a decrease of more than 50% from the baseline cryoglobulin level.
Results
Overall, 13 references reported on a total number of 57 cases which were analyzed in detail for the present study [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . There were two large uncontrolled series of 20 [12] and 15 [11] patients, and two smaller series of 6 [13] and 5 [21] patients. All other publications reported either single or two case reports.
The baseline characteristics of patients with cryoglobulinemia vasculitis who received anti-CD20 antibody (Rituximab) treatment are summarized in Table 1 . Fiftyseven patients, mainly of female gender (79%) with a mean age of 59 years, had cryoglobulinemia vasculitis secondary to chronic active HCV infection (75.4%) or essential mixed cryoglobulinemia (24.6%). Previous treatments failed to control the main signs of vasculitis; these were either HCV treatment (n=37) or immunomodulating treatments (corticosteroids, immunosuppressive drugs, plasma exchanges). The main clinical manifestations of cryoglobulinemia vasculitis were skin involvement (84.2%), arthralgia (61.4%), peripheral neuropathy (54.4%) and glomerulonephritis (31.6%).
The main indication for Rituximab therapy was non-responsiveness to other previous treatments (n=50), intolerance to previous treatments (n=3), associated lymphoma (n=2), or first-line therapy for cryoglobulinemia vasculitis (n=2).
Most patients (48/57) received four weekly consecutive IV infusions of 375 mg/m 2 of Rituximab. In other cases (9/57), however, the Rituximab treatment protocol was different. In the Rocatello's series (13), 5 out of 6 patients received four weekly consecutive IV infusions of 375 mg/m 2 of Rituximab followed by two more infusions at months 1 and 2. In the patient reported by Ghobrial et al. [15] , who also had Waldenström's disease, eight weekly consecutive IV infusions of 375 mg/m 2 of rituximab were given. In the case reported by Koukoulaki et al. [19] , the patient received four weekly consecutive IV infusions of 375 mg/m 2 of Rituximab, followed by two 1 gram infusions at months 4 and 4.5. In the case reported by Lamprecht et al. [14] , 500 mg of Rituximab was given every three weeks for a total of six infusions. The patient of Ghijsels et al. [16] received four weekly consecutive IV infusions of 375 mg/m 2 of Rituximab, followed by a second series of four courses of Rituximab at the same dosage two months later.
The mean duration of follow-up after Rituximab therapy was 9.7 months (0.3 to 24). The evolution of the cryoglobulinemia vasculitis features after Rituximab infusions are given in Table 2 . Rituximab infusions had great efficacy on the main vasculitis signs, with a clinical response (partial + complete/total) in 32/40 (80%) patients for skin involvement, 27/34 (79.4%) for arthralgia, 27/29 (93.1%) for neuropathy, and 15/18 (83.3%) for glomerulonephritis. However, a relapse of cryoglobulinemia vasculitis was noted in 14/36 (39%) patients (13 HCV-infected, 1 HCV negative) within a few days to nineteen months (mean 6.7 months) after the last Rituximab infusion. Eight out of 14 relapsers had complete remission after a second course of Rituximab. Baseline plus follow up HCV viral load was available in only five reported patients, whereas in the large study of Sansonno the mean HCV viral load increased at month 6 and month 12 [16] . There was no significant difference in the efficacy of Rituximab therapy when patients presented with HCV-induced or essential cryoglobulinemia vasculitis ( Table 3) .
A relatively small number of side effects were reported. During the short term follow-up they included: bradycardia (3), hypotension (2), infection (in three renal transplant patients), mild ALT elevation (3), retinal arterial thrombosis (1), panniculitis of elbows and knees (1), and serum sickness (1) . Two deaths were reported; one occurred twelve months after Rituximab infusion in an HCV-infected patient with renal insufficiency, and the second occurred two months after Rituximab infusion in an HCVnegative renal transplant patient due to Cryptococcus neoformans meningoencephalitis [18] . During the long term (>12 months), there were two cases of lymphoma and one of breast cancer [11] .
Discussion
Although this literature review does not allow a definite conclusion to be drawn regarding the role of Rituximab in the therapeutic options of patients presenting with cryoglobulinemia vasculitis, it gives important information concerning its efficacy and short term tolerance. When we analyzed the efficacy, a complete response was reported in one-third to two-thirds of patients, depending on the main targeted organ (skin, nerve, kidney, joint). Complete plus partial responses were noted in 80% to 93% of reported patients. Such results are encouraging considering that most patients presented with a very severe form of systemic cryoglobulinemia vasculitis which was resistant or intolerant to other previous treatments. Such a disease remains life threatening, with a mortality rate ranging from 15% to 20% in HCV-MC patients and up to 50% in non HCV-MC patients [12] . The main predictors of poor outcome are older age and renal insufficiency (present in one-third of the cases treated with Rituximab).
Most reported cases (75%) were secondary to HCV infection. There has been some debate about the best therapeutic management of HCV MC patients, i.e. anti-HCV, immunomodulating drugs or both [6] . It is noteworthy that in one of the two large open studies using Rituximab [12] , HCV MC patients were described as "non responders or intolerant to interferon alpha monotherapy". Such treatment, however, is known to have a poor response on the main symptoms of cryoglobulinemia vasculitis, i.e. less than 10% except for purpuric skin lesions [5, 6] . This poor efficacy is related to the low percentage (less than 15%) of long term sustained viral clearance. More recent data with the best available HCV treatment (peg interferon alpha plus ribavirin), which results in a sustained viral clearance in up to 55% of patients, showed much better responses, with a complete clinical response of cryoglobulinemia vasculitis in up to 77% of patients [7] . However, the poor tolerability of HCV therapy often leads to decrease the doses or duration of treatment with lower clinical and virological responses. Using Rituximab, a clinical response was noted in two-thirds of patients, but 39% of them developed a relapse after a mean delay of 6.7 months. In this setting, Rituximab cannot be seen as a curative treatment as long as the viral antigenic trigger of the vasculitis remains. A sequential treatment strategy may therefore give better results. This would begin with Rituximab to block the B-cell activation and the TH1 cytokine-chemokine cascade involved in the inflammatory part of vasculitis [23] , and be followed by anti-HCV treatment with pegylated interferon alpha plus ribavirin to clear the antigenic trigger and block the causative agent [12] . Such a strategy may also allow major side effects due to conventional treatments such as corticosteroids, immunosuppressive drugs and plasma exchanges to be obviated.
Due to the very small number of patients with non-HCV systemic cryoglobulinemia vasculitis, it is difficult to come to a clear conclusion in this setting, although Rituximab therapy seems to have similar efficacy on the main involved organs ( Table 3) . This form of the disease is close to non-Hodgkin's lymphoma and may also be sensitive to CD20 blockade. Furthermore, limitations due to HCV disease (viremia) will be absent, suggesting that autoimmune-disease-associated MC would be the perfect situation to use Rituximab.
The safety of Rituximab monotherapy has been well established in patients with non-Hodgkin's lymphoma, with the main adverse events being mild to moderate infusionrelated reactions occurring after the first infusion. The database of patients having received Rituximab in clinical trials and/or clinical practice now includes almost 750,000 patients, making Rituximab the only antibody in this setting to have such an extensive safety analysis [24, 25] . Therefore, we were not surprised at the small number of side effects reported in patients with cryoglobulinemia vasculitis. However, caution is still warranted in this latter indication for the following reasons: no control trial was available, all data came from only small series or case reports, most cases reported on short-term follow-up, and in a large number of cases there was insufficient data to analyse, particularly regarding the course of HCV viral load and liver enzymes. Further assessment of the long-term effects of prolonged B-cell depletion is still required.
We acknowledge some limitations to our analysis. First, there is a potential role that negative publication bias may play in the currently favourable view of Rituximab therapy for MC in the literature. Most studies employing Rituximab do not indicate what types of glucocorticoid regimens were used concomitantly with the Rituximab. This gives the potentially misleading impression that Rituximab alone might have been responsible for the beneficial effects reported. Outside of the 2 series, the remaining reports are small, and different with regards to patient population, Rituximab regimen, outcome definitions, and use of concurrent therapies. Most published cases reported on short or mid term follow up, and we need to know on the long-term effects of prolonged B-cell depletion.
In conclusion, Rituximab therapy for patients with mixed cryoglobulinemia vasculitis, HCV-induced or essential, shows a great efficacy on the main vasculitis signs in the majority of reported patients. A relapse of cryoglobulinemia vasculitis was frequently noted. Randomised controlled trials with long term study are necessary to conclude definitively on the benefit/risk ratio of Rituximab therapy in such patients. [12] were not included due to the lack of details ("most patients were previously given low to moderate doses of corticosteroids") * The reported numbers correspond to patients whose data were available at the end of follow-up.
